We introduce a collection of primarily centrally star-forming galaxies that are selected by disk color to have truncated disk star formation. We show that common explanations for centrally-concentrated star formation -low stellar mass, bars, and high-density environments, do not universally apply to this sample. To gain insight into our sample, we compare these galaxies to a parent sample of strongly star-forming galaxies and to a parent sample of galaxies with low specific star formation rates. We find that in star formation and color space from ultraviolet to the infrared these galaxies either fall between the two samples or agree more closely with galaxies with high-specific star formation rates. Their morphological characteristics also lie between high-and low-specific star formation rate galaxies, although their Petrosian radii agree well with that of the low-specific star formation rate parent sample. We discuss whether this sample is likely to be quenching or showing an unusual star-formation distribution while continuing to grow through star formation. Future detailed studies of these galaxies will give us insights into how the local conditions within a galaxy balance environmental influence to govern the distribution of star formation. In this first paper in a series, we describe the global properties that identify this sample as separate from more average spiral galaxies, and identify paths forward to explore the underlying causes of their differences.
INTRODUCTION
Over the last two decades, galaxy population studies at low to intermediate redshift have exposed a fundamental evolution in the overall galaxy population since a redshift of z∼2 (Bell et al. 2004; Faber et al. 2007; Muzzin et al. 2013; Ilbert et al. 2013; Tomczak et al. 2014; Moutard et al. 2016) . However, isolating the processes responsible for this shift in the galaxy population has been a great deal more complex than identifying the evolution.
To go from a blue star-forming galaxy to a red quiescent galaxy requires the cessation or truncation of star formation. Understanding how this cessation occurs and how its timing percolates through a galaxy is crucial to identifying the mechanisms that drive galaxy evolution. Galaxy quenching can take on many forms, fundamentally segregated by galaxy mass, morphology, and environment (Peng et al. 2010) . The influence of galaxy morphology may be studied by observing global properties of the stellar populations of galaxies. Most galaxies can be described by a spheroid component consisting mainly of an old stellar population, and may also feature an extended disk with continued star formation that contains younger stars (as discussed in, e.g., Driver et al. (2013) ). This two-component description of galaxies has been applied in different incarnations for more than 100 years (e.g. Hubble (1926) ).
An observed age difference between bulges and disks implies an "inside-out" formation mode, in which the bulges of spiral galaxies form early with little to no current star formation, while star formation continues until later times in their disks (White & Frenk 1991; Chiappini et al. 1997; van den Bosch 1998; Boissier & Prantzos 1999) . In spiral galaxies, inside-out behavior has been observed across evolutionary time and with many techniques, frequently tied to a transitional mass (Trujillo & Pohlen 2005; Wang et al. 2011; Cappellari 2013; Pan et al. 2015) Recently, integral field spectroscopy has been used to better explore star formation histories and how they differ across individual galaxies. Observations with MUSE and CALIFA have explored specific star formation through the use of resolved gas and stellar populations, respectively (Pérez et al. 2013; López Fernández et al. 2018; Erroz-Ferrer et al. 2019) . They find results consistent with the inside-out path for spiral galaxy growth. In work with p-MaNGA, star-forming galaxies do not show a strong radial dependence for star formation, but centrally quiescent galaxies have a negative gradient in support of the inside-out premise .
While many spiral galaxies fit this picture of an old bulge within a star-forming disk, there is evidence that inside-out growth is not universal, particularly at low masses (Gallart et al. 2008) . Indeed, Pérez et al. (2013) found that outside-in growth can occur up to M * ∼ 10 10 M . Pan et al. (2015) find similar trends with regards to stellar mass in color gradients of galaxies, while Ibarra-Medel et al. (2016) find a large diversity in radial age gradients for lower mass systems. Simulations that focus on low masses (M * ≤ 10 10 M ) show star formation may preferentially occur in the central regions of a galaxy, with feedback from supernovae shaping the overall mass profile (e.g. Governato et al. (2010) ; El-Badry et al. (2016) ). When we compare observational results to simulation outcomes, it becomes clear that we have not isolated the key processes that are shaping spiral galaxy evolution (Patel et al. 2018; Starkenburg et al. 2018; Habouzit et al. 2019; Trayford & Schaye 2019) .
This mass segregation and mismatch between simulation and observation may occur because different physical processes appear dominant at different scales. Massive galaxies are shaped by galaxy-wide processes -active galactic nuclei disrupting star formation on large scales, and mergers obliterating the morphologies and structures that shape spiral galaxies (e.g. Somerville & Davé (2015) and references therein). Smaller starforming galaxies tend to be influenced more strongly by their environment through processes such as tidal gas stripping, ram pressure stripping, starvation, or strangulation (Boselli & Gavazzi 2006) . The influence of each of these processes rises and falls in any galaxy depending on many variables including its clustercentric (groupcentric) radius, total galaxy mass, stellar mass, and mass surface density (e.g. Peng et al. (2010) ; Kauffmann et al. (2004) ; Belfiore et al. (2018) ; Trayford & Schaye (2019) . Secular processes caused by galaxy characteristics like the existence of a bar (Kormendy & Kennicutt 2004; Kormendy & Bender 2012; Cheung et al. 2013) , winds, or disk heating (Shapiro et al. 2003; Watkins et al. 2016) may have a strong influence in instances where outside processes haven't yet interfered (Forbes et al. 2014) .
While most galaxies to z∼1 are either blue, starforming late-type galaxies or red early-type galaxies (Conselice 2006; Mignoli et al. 2009 ), a significant number of galaxy "classes" have arisen that violate (or perhaps expand) our understanding of the connection between galaxy color (stellar content) and its morphology (shaped by galaxy dynamics and external interactions). Galaxies have been identified dwelling in between other classifications, even as early as the "anemic spirals" of van den Bergh (1976). These galaxies were found to be spiral-like, but much less vigorously star-forming than their traditional counterparts due to their dense environments, and were suggested as a transitional classifica-tion. This connection tying galaxy environment directly to the transition of individual galaxies has been demonstrated repeatedly (e.g. Poggianti et al. (1999 Poggianti et al. ( , 2004 ) including the identification of blue passive galaxies in rich clusters (indicating recently truncated star formation (Mahajan & Raychaudhury 2009) ). Some galaxy classes, like the passive red spirals discovered via Galaxy Zoo, may show a less clear connection with their environment. Masters et al. (2010) find that this population (making up 30% of spiral galaxies) is not correlated with environment, while Bamford et al. (2009) found that the fraction of passive spirals was dependent on environment. This decoupling of morphological transformation from the quenching of star formation was recently shown in local galaxies by Fraser-McKelvie et al. (2016) .
Another class of galaxies that does not fit into classical categorization are galaxies morphologically identified as early-type may have star formation. Suh et al. (2010) examined optical color profiles of nearby earlytype galaxies and found that ∼30% of them show positive color gradients, evidence for central star formation. George & Zingade (2015) find that star-forming blue early-type galaxies may indicate that once-quenched galaxies can be rejuvenated by tidal interactions. Indeed, some galaxies have been observed to fall outside of standard morphological categories in a way that may indicate a transitional nature, such as the recent "red misfits" of Evans et al. (2018) . These misfits tend to be massive star-forming galaxies with active galactic nuclei (AGN).
One promising approach to determine how galaxies move from star-forming to quenched is to focus not just on outliers but on potential transitional galaxies. Green valley galaxies are defined as galaxies that reside between the blue cloud and red sequence in stellar mass versus color space . Originally thought to be star-forming galaxies which were fading, their structural differences imply other likely mechanisms such as building up of the bulge (Salim 2014) . Work from Lin et al. (2017) suggests that the fading of green valley galaxies is driven by a dropping gas fraction, which is consistent with earlier results (Schawinski et al. 2014; Smethurst et al. 2015) . Observations show green valley galaxies are more centrally concentrated than other galaxies of the same mass . Green valley galaxies that show suppressed star formation also appear to be quenched globally, not solely within the disk (Belfiore et al. 2018; Ellison et al. 2018 ). There have also been some observations of green valley galaxies, particularly massive ones, that indicate that the sSFR may be more depressed in the center than in the outskirts (González Delgado et al. 2016; Nelson et al. 2016; Medling et al. 2018; Belfiore et al. 2018; Morselli et al. 2018) . Whether the presence of a massive bulge has a strong impact on the SFR of galaxies remains an open question- Medling et al. (2018) find that possession of a large bulge does not consistently impact SFRs, consistent with results from Koyama et al. (2019) , while González Delgado et al. (2016) and Maragkoudakis et al. (2017) find that galaxies with higher bulge fractions have lower SFR for their stellar mass surface density.
What tools can we use to try to disentangle these influences on galaxy evolution? Using the minority of galaxies that fall outside standard color-morphology relationships is one approach suggested by the data. For example, red late-type galaxies in clusters indicate that color evolution occurs on a shorter timescale than morphological evolution (Poggianti et al. 1999; Bamford et al. 2009 ). Using Cosmic Evolution Survey data, Bundy et al. (2010) argue that as much as 60% of spiral galaxies move through a passive spiral phase on the way to the red sequence. These deviations provide opportunities for insight.
In this paper, we identify a class of galaxies that falls outside of the red-bulge, blue-disk (or inside-out) formation model: primarily centrally star-forming galaxies that are selected by disk optical color to have truncated disk star formation. This small sample of star-forming galaxies is well-fit by bulge/disk decomposition (Lackner & Gunn 2012 )(from here forward LG12) and presents with star-forming centers and red (g − r) disks.
We begin by introducing the sample in Section 2. We call these galaxies "breakBRDs" (break Bulges in Red Disks) because they are selected for central star formation via their D n 4000 break values, hence "break Bulge", and have optically red disks. We characterize the parent sample, and remove AGN using cuts on the BPT diagram. In Section 2.5 we further divide our parent sample into galaxies with high-and low-specific star formation rates (sSFR; SFR/M * ) so we can better use them to determine whether our sample is star-forming or quenching. Section 3 compares our sample to the high-and low-sSFR parent samples in the mass, environment, and morphological parameter spaces. In order to understand their star formation history in more detail, in Section 4 we examine ultraviolet, optical, and infrared colors as well as stellar mass. We also consider their HI reserves in Section 4.1.4. Moving briefly from global properties, in Section 4.2 we focus on the spectral measures from the central SDSS fiber. In Section 5, we discuss possible scenarios that may explain the data underlying this sample. We summarize our findings and discuss future work in this series in Section 6.
SAMPLE SELECTION
The sample studied here is selected from a large local (z < 0.05) sample of face-on SDSS galaxies used for bulge/disk decomposition by LG12. The source catalog was specified to be face-on, which removed the potential for confusion of star-forming regions located in the disk overlapping with the center of the galaxy. Their morphological appearance is diverse, as is discussed further in Section 3.
Our sample is derived from LG12, in which the authors develop an astrophysically-guided bulge/disk decomposition approach. They then select galaxies with r-band apparent magnitudes brighter than 17.7, and require galaxies to be face-on galaxies by limiting the axial ratio to > 0.25 as measured by the SDSS pipeline. This improves the likelihood of success for bulge/disk decomposition and avoids dust lane contamination. Their 71825 galaxies are drawn using a low-redshift sample (0.003 < z < 0.05) from the NYU Value-Added Catalog (VAGC) (Blanton et al. 2005; Abazajian et al. 2009 ). LG12 perform their decomposition on DR8 images (NYU VAGC was created with DR7) due to a significant improvement in sky subtraction between SDSS DR7 and DR8.
Parent Sample
For this project, we downselected from the LG12 sample using several cuts to search for galaxies with the most robust bulge/disk decompositions. The following criteria were therefore applied: requiring the r-band absolute magnitude as measured in the fit to be M r < −19, limiting the range of g − r colors in both the bulge and disk to 0.2 < g − r < 0.9, and limiting the axial ratios to > 0.7 (Lackner, personal communication) . Using this criteria, the parent sample contains 4643 galaxies, the majority of which contain red bulges with a red or blue disk (as one might expect).
Selecting Red Disks
From the parent sample we searched for galaxies with central star formation and red disks. Red disks were determined as those with g − r > 0.655 using either a de Vaucouleurs bulge and an exponential disk (nb4 model), or an exponential bulge and exponential disk (nb1 model). We used these two fits on all galaxies to find our sample, regardless of their "best fit" model from LG12 (we have the "best fit" model for 121 of our 126 galaxy sample from Lackner, personal communication). In this section, we discuss the LG12 fitting procedure below, and how many of our breakBRD galaxies fall into each "best fit" model. For more details, we refer the reader to LG12.
In LG12, five fits were used for every galaxy: a pure exponential disk, a single de Vaucouleurs profile, the two bulge + disk models (B+D), or a single component Sersic model. Selecting which of these models is the best fit for a galaxy is non-trivial, as explored in detail in LG12. This is largely because χ 2 values generally do not differ greatly between models, and due to structure in the galaxy (bar, rings, spiral arms, etc.) the χ 2 values are often quite high. Therefore, much of their selection is based on astrophysically-motivated choices to separate pseudo-bulges and classical bulges, as well as galaxies where a bulge + disk fit was poorly suited (often due to a galaxy being blue and faint). However, we are searching for a galaxy sample that upends our assumptions about galaxy growth and evolution, so here we carefully consider each criteria and whether a bulge + disk fit is a truly unphysical model.
LG12 chose a single component Sersic model as the "best-fit" model unless the galaxy was better fit by one of the other four models, either using the χ 2 values or via astrophysical selection. Therefore, in LG12 the Sersic "best-fit" category includes the most galaxies, especially the (intrinsically) faintest galaxies in the sample, irregular galaxies, strongly barred galaxies and galaxies with otherwise poor model fits. We highlight the fact that galaxies with bulges much bluer than their disks are likely to have strong bars, which could drive the central star formation for which we are searching. Therefore we must allow galaxies with a Sersic "best fit" model into our sample. In fact, 21 of the 126 galaxies in our sample are best fit with a single component Sersic model.
To find most of their exponential disks, LG12 select galaxies for which the disk in the B+D model matches the single-exponential fit in total flux, axial ratio of the fit (q d ) and R ef f to within 10 per cent. As expected, no galaxy that is best fit by a pure disk model (with no bulge component) falls into our sample.
In order to find galaxies best fit by a single de Vaucouleurs model, likely elliptical galaxies, LG12 study the colors and morphologies of the few galaxies with low χ 2 values for the de Vaucouleurs fit. Based on this small set of galaxies, LG12 use total g −r > 0.55, g −i > 0.80, and b/a > 0.55 to find more galaxies along the red sequence that may be best fit by the de Vaucouleurs model. In order to only include likely elliptical galaxies and not S0s, they then require that the exponential bulge and disk (nb1) fit finds a round (q disk > 0.4), red (g − r > 0.65) disk, and the deVaucouleurs bulge and exponential disk (nb4) fit finds a large (B/T > 0.4), red (g − r > 0.65), round (q bulge > 0.55) bulge. These criteria clearly could include face-on galaxies with red disks and star-forming bulges, so we must not eliminate galaxies with this "best fit" model. 13 of our galaxies are best fit by this model.
In order for a galaxy to be best fit by a bulge + disk model, the bulge and disk in both models must be detected in g, r, and i-band images.
LG12 also require that the bulge R ef f be smaller than that of the disk, and that the bulge flux dominates in the central part of the galaxy. Finally, the bulge and disk must have similar axial ratios (within a factor of two). The authors use purely astrophysical arguments to distinguish between de Vaucouleurs fit classical bulges (nb4) and exponential fit pseudobulges (nb1). If the nb4 bulge component has g − r > 0.6 and q bulge /q disk > 0.65 the classical bulge fit(nb4) is used, otherwise the exponential bulge fit is chosen to be the "best fit". Most of the breakBRDs are best fit by one of these bulge + disk models, 87 out of 126. Because we are selecting galaxies with central star formation, most of our bulges are blue and therefore the model chosen by LG12 is that with an exponential bulge (79).
Galaxies were selected to be breakBRDs as long as they fulfilled all the selection criteria using either bulge + disk fit. In total, 92 galaxies are chosen using the de Vaucouleurs bulge fit and 78 galaxies using the exponential bulge fit, with an overlap of 44 galaxies chosen with both fits. As we show in Figure 1 , using the de Vaucouleurs bulge and an exponential disk (nb4 fit) most of the galaxies in our sample present red disks. We reiterate that whatever the "best fit" chosen in LG12, all galaxies in LG12 were fit using every available model, and in this work breakBRD galaxies are selected using a bulge + disk model.
Out of our 4643 parent galaxy sample, 3820 galaxies have red disks using either of the bulge + disk fits.
Searching for Central Star Formation
From the sample of galaxies with red disks, we select galaxies with central star formation. Central star formation is found using the D n 4000 diagnostic in the central fiber of the SDSS spectrograph as discussed in Lackner & Gunn (2013)(LG13). We use the D n 4000 from Brinchmann et al. (2004) (B04) , which uses the narrow definition of D n 4000, from Balogh et al. (1999) .
LG13 find that two-thirds of their galaxies have a bulge-tototal flux ratio within 3 arcsec (the size of SDSS fibers) larger than 0.5. Therefore they find that the fiber quantities are typically dominated by the stellar light from the bulge.
In their Figure A3 , LG13 show that there are two populations of bulges, those with star formation within the last ∼1 Gyr and those without recent star formation, with small and large D n 4000, respectively. LG13 fit the Figure 1 . We plot our selection criteria, showing the (g-r) disk color (using a de Vaucouleurs fit for the bulge and an exponential disk, or nb4 fit) compared to the Dn4000 value from the SDSS fiber spectrum. BreakBRD galaxies are the green circles and histograms. The parent sample is shown with the underlying contours and unfilled histograms, with low-and high-sSFR samples shown in red and blue, respectively. The low-sSFR histograms are a heavier line to aid the eye. The p-value from the two sample KS test between the BBRD galaxies and the low-and high-sSFR samples are listed in the upper right corner for the plotted variables. The p-value will be reported for all histograms in their respective figures. Even when holding the fit constant (nb4), the sample selected contains galaxies with much redder disks than comparably star-forming galaxies in the parent sample.
distribution of D n 4000 with two Gaussians and assign each galaxy a probability of having a classical quiescent bulge or star-forming pseudobulge based on the ratio of the Gaussians at a given D n 4000. If the bulge is more likely to be star-forming we include it in our sample. As we see in Figure 1 , the D n 4000 values of the break-BRD galaxies are all below 1.4, indicating recent star formation in simple models (Kauffmann et al. 2003) .
We find galaxies with star-forming bulges in red disks to be 2.7% of the parent sample.
Removing AGN
One expected population present in this sample are AGN. Although they have blue bulges, they do not give us insight into our question about ongoing star formation in the bulge versus a quiescent disk, so we remove them from our sample. The BPT diagram is used to separate out likely AGN via the methods described in Kewley & Dopita (2002) , Kauffmann et al. (2003) , and Baldwin et al. (1981) . Figure 2 shows the result of this classification, using the emission line strengths from B04. The points show our sample while the contours demonstrate the distribution of the parent sample. The galaxies in Figure 2 . Here we use the BPT diagram, used to identify the dominant ionization mechanism in the nebular emission lines of galaxies, to separate out AGN from composite and star-forming galaxies. The underlying black contours show the distribution of the parent sample. The magenta line and the turquoise line are adopted from Kewley & Dopita (2002) and Kauffmann et al. (2003) respectively to distinguish between AGN activity above the magenta line, starforming activity below the turquoise line, and composite activity between the two. The overplotted points show our galaxy sample to be primarily star-forming, with all selected breakBRDs indicated by green circles. Eight galaxies are selected as AGN (red squares). Figure 2 fall into three broad regions-star-forming below the first aquamarine line, composite between the two lines, and AGN above the magenta line. We conclude from the BPT diagram that only 8 of the 126 selected galaxies are AGN. These are shown with red squares in Figure 2 and are excluded from further analysis. Our remaining galaxies lie in either the star-forming or composite regime (green circles). This final sample of 118 galaxies is the breakBRD sample.
For consistency, we also select only star-forming and composite galaxies in the parent sample for the comparisons we discuss below. This leaves 2499 galaxies, and we note that more than 2000 of the 2144 galaxies that have AGN come from the red disk sample identified above (Section 2.2).
Comparing to Strongly and Weakly Star-Forming Galaxies
We have selected a unique galaxy sample using the radial distribution of star formation, but must consider other properties to determine what correlates with or possibly drives the inner star formation in red disks. As this sample falls outside of the canonical picture of galaxy growth and evolution, we split the comparison sample into high-and low-sSFR galaxies, using the minimum of the sSFR histogram at sSFR ∼ 10 10.9 M yr −1 (see Figure 8 ) (1280 and 1219 high-and low-sSFR galaxies, respectively). We are then able to compare our sample separately to strongly star-forming galaxies and those that are transitioning or quenched. This may indicate whether our sample is of regularly star-forming galaxies with unusually centralized star formation or of galaxies that are quenching with their final star formation in the central regions.
As illustrated in Figure 1 , the D n 4000 values of our sample align well with strongly star-forming galaxies in the parent sample, but the disk colors are generally much redder, and agree better with the disk colors of galaxies with low-sSFRs. However, we performed two-sample Kolmogorov-Smirnov (KS) tests on each of these parameters and find that the disk g − r colors and D n 4000 values of our sample are different from both the low-and high-sSFR parent samples.
MASS, ENVIRONMENT, AND MORPHOLOGY
Morphological transformation through quenching may be driven by mass and environment (Dressler 1980) . For example, central star formation in otherwise red disks is observed in ram pressure stripped galaxies in clusters (Koopmann & Kenney 2004; Boselli & Gavazzi 2006; Poggianti et al. 2017) . We first try to identify the influences on our sample galaxies by examining their mass, morphology, and environment.
Mass
Current studies indicate quenching is strongly shaped by mass, with high mass galaxies more likely to be quenched (e.g. Peng et al. (2010) ). We also see this correlation by comparing the high-and low-sSFR parent samples in Figure 3 , shown in blue thin and red thick lines, respectively. However, the breakBRD sample does not easily fall into a high-mass quenched sample or a low-mass star-forming sample, and instead lies between the mass distributions of the high-and low-sSFR parent samples (as quantitatively shown using KS test p-values).
Neither does the mass distribution of breakBRD galaxies agree with centrally-concentrated star-forming galaxies. As discussed in the Introduction, centrallyconcentrated star formation is thought to occur more often in low-mass galaxies (e.g. Pérez et al. (2013) ; Governato et al. (2010) ). More than half of the galaxies in the breakBRD sample have stellar masses above 10 10 M , well above the stellar masses at which this phenomenon has been observed. Because many properties of galaxies correlate strongly with stellar mass, differences between breakBRD galaxies and the parent samples could be traced to these dramatically different mass distributions. Therefore, in the rest of this paper we mass-weight the parent samples so as to eliminate this bias without losing any information from the larger samples (as may be the case using a sub-sampling method). We use the mass histograms and assign every parent galaxy a weight defined as the ratio of the number of breakBRD galaxies to the number of parent galaxies in a mass bin. We do this separately for the high-sSFR and low-sSFR parent samples. This results in mass distributions whose weighted KS test has a p-value of ≥ 0.99. We then use the weighting from the mass distributions for all the other features we plot using the parent samples. We note that we perform this mass weighting on every subsample of breakBRD galaxies: the entire sample from the SDSS galaxies, the smaller subsample with WISE data, and the BPT-selected star-forming galaxies.
Environment
Examining galaxy environment more closely in Figure 4 (using the measures from LG13), we clearly see that environmentally-driven evolution should not preferentially effect our sample of galaxies, as both their local density and satellite fraction is similar to the parent sample. The y-axis shows the log of the distance from the group center plus one Mpc, which is 0 when a galaxy is the central galaxy in a group. The breakBRD galaxies are distributed throughout all environments as Figure 4 . Σ5 versus distance from the group center, comparing two different measures of environmental density. Our sample does not deviate from the underlying parent distribution and the galaxies are distributed throughout environments from being central group members to galaxies on the outskirts. The underlying sample is separated by specific star formation rate, as in Figure 1 . measured using the local galaxy density, Σ 5 , using the nearest five neighbors on the sky.
Quantitatively, we find that 40% of the galaxies in our sample are centrals, versus 39% of the comparison sample (46% of the high-sSFR galaxies and 32% of the low-sSFR galaxies), and satellite galaxies are distributed at a range of distances from the group center, out to a radius of more than 2 Mpc. Indeed, the KS tests indicate that the environments of the breakBRD sample may be from the same distribution as either the highor low-sSFR parent samples (we note that the p-values are quite small when comparing the high-and low-sSFR samples for either variable). Thus we find that break-BRD galaxies appear in high-and low-density environments, near or far from the group center with no differentiation from the parent sample.
Because environment is correlated with many galaxy properties, we have performed many of the comparisons in this paper (optical color, sSFR, B/T, petrosian radius, R50/R90, environmental measures) separately on the central and satellite galaxies. When we compare BBRD centrals (or satellites) to mass-weighted samples of the parent centrals (or satellites) we find no qualitative changes with the results comparing the entire BBRD and parent samples. For example, the p-value of Σ 5 of centrals (satellites) is [0.97, 0.77] ([0.78,0.12]) for the [hsSFR, lsSFR] parent samples (also split into centrals and satellites). Figure 5 . The Petrosian radius (as defined by the SDSS project in Blanton et al. (2001) and Yasuda et al. (2001) .) is plotted versus the inverse galaxy concentration ratio (R50/R90), with colors and symbols as in Figure 1 . This ratio has shown to be a simple morphology discriminator, but our parent sample selection biases this tracer. Our sample of galaxies overlays the underlying distribution. Figure 6 . The B/T ratio (using the nb4 bulge + disk fit) of the breakBRDs sample (green points) compared to the low-and high-sSFR parent samples (red and blue contours, respectively). Our galaxies are more bulge dominated than the high-sSFR parent sample.
Morphology
When we examine morphological measures of break-BRD galaxies in Figure 5 , we see that these galaxies are mostly more concentrated (using the ratio of the radii with 50% and 90% of the Petrosian flux) and have small Petrosian radii, in better agreement with galaxies with low-sSFRs than those with high-sSFRs (again these values are from B04). In fact, a KS test on the Petrosian radius distributions shows that the low-sSFR sample and breakBRD galaxies may come from the same distribution. The evolution of these galaxies may be more complicated than their global (s)SFRs would indicate.
We next consider the morphologies of the breakBRD galaxies, and in particular whether their physical characteristics can give us insight into the causes of their central star formation. We also consider whether they are morphologically more similar to the low-or high-sSFR parent samples.
We also show in Figure 6 that if all galaxies are fit using the nb4 bulge + disk model, the bulges in our sample tend to be larger than most high-sSFR galaxies of similar masses. In fact, in our sample the lowest mass galaxies have the highest bulge-to-total ratio, while higher mass galaxies are more scattered. The distribution of bulge-to-total ratios of breakBRD galaxies is significantly different from those of the parent samples (p-values << 0.01).
In fact, we note that if we only consider central galaxies, the p-values comparing breakBRD galaxies to the mass-weighted low-sSFR parent sample for R50/R90, petrosian radius, and B/T are all above 0.05. Satellite galaxies only have large p-values for the petrosian radius.
We finally examine the images of all of the galaxies in our sample, first looking for bars. Bars are frequently invoked when it comes to morphological transformation (e.g. Kormendy & Kennicutt (2004) ). In some circumstances they are found to induce central star formation (e.g. Catalán-Torrecilla et al. (2017); Chown et al. (2019) ) and it has long been thought that bars may encourage gas to flow centrally to enhance star formation in the bulge. However, this is an unsatisfactory explanation overall for our sample as the barred fraction (visually inspected by both authors) is roughly consistent with what has been measured for the spiral population (30%-40%, Sellwood & Wilkinson (1993) ; Nair & Abraham (2010)). It has also been argued that in galaxies with large bulges, bars may stabilize gas from collapse and suppress star formation (James & Percival 2018) .
It is important to peruse the images to look for visual evidence of evolutionary mechanisms or a similarity in morphological type. For example, in one of our 118 breakBRD galaxies we identify a late-stage merger. As discussed above, we also search for bars. However, as shown in Figure 7 , this sample does not present as a single morphological type. All of the galaxies have a bright core, but some contain arms, some contain bars, and some have a smoother extended bulge appearance.
In Figure 7 each row shows a subsample of galaxies that have been added to the breakBRD sample using the labeled fit. In each row, however, we see barred galaxies, those with likely spiral structure, and those with smooth stellar distributions. The bulge+disk fit that classified these galaxies as breakBRDs (the "sample selection fit") Figure 7 . Sample postage stamp images of breakBRD galaxies drawn from the SDSS imaging survey. The rows (labelled "Sample Selection Fit") indicate the fit which caused the galaxy to be selected for our sample (see Section 2.2 and LG12 for more details). We note there are not morphological trends throughout the fits, which motivated our choice to include the broadest set to meet the criteria for sample membership.
does not morphologically sort or differentiate the galaxies. Figure 7 highlights the diversity of breakBRD galaxies.
STAR FORMATION HISTORY
What can we discover about the star formation history of these galaxies from the multiwavelength data available? Using both sSFR and SFR, compared to the stellar mass, breakBRD galaxies are star-forming and situated in the blue cloud, as is expected for spiral starforming galaxies. We begin by identifying the location of these galaxies compare to the galaxy star-forming "main sequence, with Figure 8 showing they fall firmly along this sequence. We use the (s)SFRs from B04, updated to better perform aperture corrections and account for dust attenuation 1 . However, we note the the KS test indicates that the sSFRs and SFRs of the breakBRD galaxies are not drawn from the same distribution as the star-forming parent sample.
We now examine the star formation history of the sample by examining the ultraviolet, optical, and in-1 https://wwwmpa.mpa-garching.mpg.de/SDSS/DR7/sfrs.html frared color-color space to identify trends in star formation from the recent past (100 Myrs, probed by the ultraviolet) to the more distant (Gigayear timescales, measured by the infrared). We use archival data from GALEX (The Galaxy Evolution Explorer, (Martin et al. 2003) ), WISE (the Wide-field Infrared Survey Explorer, (Wright et al. 2010) ), and SDSS, to explore these relationships. We also find a small subsample of these galaxies (∼ 10) that have been observed in the ALFALFA HI survey, and use them to investigate possible relations with the neutral gas properties.
Galaxy Scale Star Formation History
We progress through the star formation history from most recent star formation as represented by the ultraviolet to the oldest as measured in the WISE infrared bands. We in particular look for signs of a quenching population or star formation which is being slowed in recent times, as we investigate the the color-color relationships throughout wavelength space. We matched our sample with the GALEX archive, via the NASA-Sloan Atlas (NSA) 2 to ensure consistent photometry. The NSA combines reprocessed SDSS DR8 results using improved background subtraction (Blanton et al. 2011) with GALEX Near and Far UV observations self consistently. We use the UV as an indicator of recent star formation, in the last 100 Myr, although some recent work has shown there may be contamination of the star formation signal by blue horizontal branch stars (Ali et al. 2018) .
GALEX/UV
The results are shown in Figure 9 . BreakBRD galaxies largely fall bluer than the "green valley", defined here as 4 < N U V − r < 5 (Salim 2014) . This more tightly constrains the star formation to the more recent history than the D n 4000 fiber measurements used to select our sample.
We see in the parent sample that the low-and high-sSFR samples are fairly well-separated in NUV-r color space. In agreement with Figure 8 , breakBRD galax- Figure 9 . NUV -r versus Mr of our sample over plotted on the comparison sample, with the underlying contours representing the high-and low-sSFR subsamples (in blue and red, respectively). Black dashed lines denote the "green valley" (Salim 2014) . The NUV-r color distribution more strongly agrees with that of the high-sSFR parent sample. Both NUV and r magnitude values shown are drawn from the NASA-Sloan Atlas 1 .
ies all have high-sSFRs, and the distribution of NUV-r colors is similar to that of the high-sSFR sample.
Optical Colors
Using global optical g − r and u − r colors from B04 (Figure 10 ), we find that breakBRD galaxies primarily reside in the green valley (Mendel et al. 2013; Schawinski et al. 2014) , with a strong tail in the blue star-forming region. The distribution of these galaxies in optical color space indicates that this population of galaxies may be transitioning from blue to red.
In detail, the g − r colors of a significant minority of galaxies fall red of the transition region, while only 3 galaxies are redder than the transition region in u − r colors. However, if we consider the distribution of the parent sample, we see that even some galaxies with high-sSFRs (blue) have red g − r colors, while conversely, galaxies with low-sSFRs (red) have transitional u − r colors. The distribution of optical colors of our sample lies between that of the high-and low-sSFR parent populations, supporting our hypothesis that these are a transitional population.
We point out that in order to select our sample, we require the disk component of the LG12 galaxies to have g −r > 0.655. As is clear from the upper panel of Figure  10 , most colors from B04 are bluer. This indicates that the stellar populations in the central region are likely bluer (younger) than in the disk. In a single stellar population model of Maraston (2005) , g − r > 0.655 implies Figure 10 . Color-stellar mass diagrams comparing the breakBRD sample to the low-and high-sSFR parent sample (colors and symbols as in Figure 1) . The top and bottom panels are the g − r and u − r colors, respectively. The black dashed lines denote the "green valley" transitional region (Mendel et al. 2013; Schawinski et al. 2014) . Although our galaxies are chosen to have red disks (g − r > 0.655), the total galaxy colors are bluer, indicating star formation in the central regions. In both panels, our sample tends to have transitional or blue colors. stellar ages of ≥1 Gyr, but the ages of stars in the central regions are likely to be significantly lower.
In future work we will use spatially resolved star formation indicators to determine the local star formation history of these galaxies.
WISE Colors
We next examine our sample in WISE color (drawn from the VAGC (Blanton et al. 2005; Abazajian et al. 2009 )), to see where the galaxies lie with respect to the InfraRed Transition Zone (IRTZ, Alatalo et al. (2014) ). The IRTZ is a proposed region of infrared color space designating a split between early and late type galaxies. It is proposed to contain galaxies primarily finishing their move through the optical green valley. We match the positions of the breakBRD galaxies and those from the parent sample with WISE sources using the astropy skycoords package (Astropy Collaboration et al. 2013 . 51 of our galaxy sample and 1100 galaxies from Figure 1 ). The InfraRed Transition Zone is labeled with black dashed lines. BreakBRD galaxies all lie in the star-forming region of this diagram. the parent sample have WISE magnitudes greater than zero (552/548 with high/low-sSFRs).
In Figure 11 we plot the WISE [4.6] -[12] color versus galaxy stellar mass. All of our sample galaxies lie in the star-forming region of this diagram, and have not begun transitioning through IR color space. As discussed in Alatalo et al. (2014) , blue [4.6] - [12] color indicates that the galaxies retain ISM. The physical distribution of the ISM is, however, unknown. Figure 12 is the WISE [3.4] -[4.6] versus [4.6] -[12] diagram. Again, we see that these galaxies mostly fall in the star-forming region. As with WISE [4.6] - [12] colors, a KS test finds that the WISE [3.4] -[4.6] colors of the breakBRD galaxies may be drawn from the same distribution as those of the high-sSFR parent sample . Indeed, according to Wright et al. (2010) and Jarrett et al. (2011) , the breakBRD galaxies' [3.4] -[4.6] colors are bluer than AGN, and the [4.6] - [12] colors indicate that these are star-forming spiral galaxies (Jarrett et al. 2017) . In fact, some of the galaxies have [4.6] - [12] colors indicating that they may be starburst galaxies. Figure 13 is the WISE [12] -[22] versus [4.6] -[12] diagram. The breakBRD galaxies reside in the star-forming region in this diagram as well. The [12] -[22] colors tend to be bluer than 3.0, indicating that these galaxies are unlikely to be ellipticals (luminous red galaxies; Nikutta et al. (2014) ).
Finally, in Figure 14 we directly compare the WISE [4.6] -[12] and u − r colors. The galaxies in our sample range from star-forming to transitioning in the green valley in u − r (see Figure 10 ), but are all above the IRTZ in [4.6] - [12] . If we follow the logic of Alatalo et al. (2014) , that galaxies first transition in optical colors and then WISE colors (their Figure 1) , we may be identifying galaxies very early in their transition from star-forming to quenched. While their SFRs have decreased, they still retain some ISM, allowing for [12 µm] emission.
ALFALFA/HI
Given that the WISE colors indicate that our galaxies may still have significant mass in the ISM, we compare our sample to the ALFALFA data release (Haynes et al. 2018 (Haynes et al. , 2011 Giovanelli et al. 2005) . Although we have a number of galaxies outside the ALFALFA survey region, about 67 of our galaxies are within the ALFALFA footprint. Of those galaxies, 16 have HI detections, as found by matching optical counterparts identified in the AL-FALFA catalog. We also visually inspected cutouts of the sky around these galaxies, and found that all galax- Figure 14 . WISE [4.6] -[12] versus u − r color. These galaxies have blue WISE colors, and lie somewhat above the distribution of the Galaxy Zoo sample (see Alatalo et al. (2014) ). Figure 15 . The HI mass to stellar mass ratio as a function of stellar mass for the 16 galaxies with HI detections (blue points). The blue line is the running mean of the MHI /M * of the parent sample that has HI detections. The black line is the MHI /M * fit from Evoli et al. (2011) . The green and magenta regions are the MHI /M * fractions in four mass bins in Cortese et al. (2011) . The cyan regions estimate the ALFALFA detection limit starting at a distance of 90 Mpc (hatched region) to 200 Mpc (solid region).
ies with counterparts within 0.001 degrees of our sample were a match. This is similar to the fraction of galaxies in the parent sample that have HI detections.
In Figure 15 we plot M HI /M * as a function of M * for the sample galaxies with HI detections as the blue points. We also plot the running mean (median gives nearly identical results) of the M HI /M * for the parent sample galaxies with HI detections as the blue line.
The Cortese et al. (2011) sample is from the Herschel Reference Survey, which consists of 322 galaxies (Boselli et al. 2010) . Cortese et al. (2011) found that 305 of the galaxies had been observed in HI, with 265 detections. Cortese et al. (2011) created three samples: two defined by the environment (inside or outside of the Virgo cluster) and one that included all HI normal galaxies (those with at least 30% of the HI of isolated galaxies with the same diameter and morphological type). Here we show the mean trends including error bars in four mass bins for the HI normal (green) and outside Virgo (red) samples. Evoli et al. (2011) use a different method to determine M HI /M * as a function of stellar mass. They use the mass-ranking method introduced in Vale & Ostriker (2004) , assuming that the mass of HI is an increasing monotonic function of the mass of the stellar disk. They can then use the galaxy stellar mass function from Bernardi et al. (2010) , and the HI mass function from Zwaan et al. (2005) to determine the HI-to-stellar mass ratio. We plot this fit with the black line in Figure 15 .
Finally, the cyan filled and hatched regions roughly denote the ALFALFA detection limit for galaxy at a distances of 200 or 90 Mpc, respectively, based on the Spaenhauer diagram we made from the the full AL-FALFA data release (α.100 catalog).
We first highlight that breakBRD galaxies are not universally gas-rich. Although the WISE colors of the majority of these galaxies indicate that they have starforming gas, only about 25% of the galaxies in the AL-FALFA footprint have HI detections. While the AL-FALFA detection limit may play a role in the lack of detections, this indicates that the HI reservoir is low for our sample of galaxies. These galaxies tend to be more gas-poor than the parent sample, although we have not corrected for the distance distribution of galaxies. Our sample M HI /M * is scattered around the Evoli et al. (2011) relation. Although ALFALFA detected galaxies in our sample lean towards being more gas-rich than the Cortese et al. (2011) samples, we note that their samples were much closer, so they could detect much lower HI masses and they included non-detections in their gas richness calculations.
The sample is not a gas-rich population. We need deeper observations to determine the gas reservoirs available to these galaxies.
Central Star Formation History
As discussed in Section 2, our galaxies were chosen to have D n 4000 measures in the central fiber indicat- Figure 16 . The Dn4000 measure in the central fiber compared to the total sSFR from B04 for the star-forming subsamples of both the breakBRD and high-sSFR parent samples. Our galaxies are similar to the parent star-forming sample, but lack the high Dn4000 values in the fiber.
ing recent star formation, within the last 1 Gyr. Here we more carefully consider the central star formation in these galaxies.
We use the values for D n 4000 and the fiber and total (s)SFRs from B04. As discussed in that paper, the emission lines can only reliably be used to determine the SFR of galaxies that lie in the star-forming region in the BPT diagram. Therefore, in this section we only consider those galaxies. This leaves us with a sample of 85 breakBRD galaxies and 944 comparison galaxies from the parent sample (galaxies selected using both the BPT diagram and with a total sSFR > 10 10.9 ). We will call these the star-forming samples.
In Figure 16 , we compare the D n 4000 -total sSFR relation for the star-forming samples of breakBRD and parent sample galaxies. We see that the central D n 4000 measure is similarly correlated with the galaxy-wide sSFR for both samples. However, there is a larger tail of high central D n 4000 in the comparison star-forming sample that is not found in our sample.
When we focus on the sSFR within the fiber in Figure 17 , we begin to see differences between the starforming galaxies in the breakBRD and parent samples. We highlight that the fiber sSFR for star-forming galaxies is based on the emission lines, mostly Hα (B04). This is therefore a good comparison of the recent star formation in the center of these galaxies. The sSFR within the fiber of our galaxies tends to be higher than in the parent sample. Together with Figure 16 , this indicates that for a particular D n 4000, more of the current star formation is in the central region of our galaxies. Figure 17 . The Dn4000 measure in the central fiber compared to the fiber sSFR from B04 for the star-forming subsamples of the breakBRD and high-sSFR parent samples. Our galaxies mostly have higher central sSFRs than the parent star-forming sample.
Finally, the central concentration of star formation is explicitly shown in Figure 18 . Note that the values we use are the mean from the likelihood distribution of SFRs (B04), which means that in a few cases the mean fiber SFR could be higher than the mean total SFR (using the median values does not change the distributions). breakBRD galaxies have a dramatically different distribution, with a higher fraction of their star formation in the central fiber compared to the total star formation. This clearly shows a significant difference between starforming breakBRDs and star forming galaxies in the parent sample. We note that if we select star-forming galaxies with red disks and high fiber sSFRs (>10 −10 yr −1 ), only the distributions of D n 4000 and the disk colors differ significantly from the star-forming breakBRD sample. This gives even more support to using D n 4000 as a tracer of "recent" star formation.
Comparing the D n 4000 to SFRs from emission lines can be used to indicate whether these galaxies have been quenched within the last 100 Myr to Gyr. Emission lines show quite recent star formation, within tens of Myr, rather than the larger 1 Gyr window indicated by the D n 4000, so recently quenched galaxies may have low D n 4000 values and low-sSFRs. By this measure, our galaxies have likely not been quenched in their central regions.
DISCUSSION
Our sample was chosen to have red disks and central star formation. When we examine the global colors of these galaxies, they present results that run somewhat counter to our expectations for their morphologies and Figure 18 . The ratio of the fiber SFR to the total SFR as a function of stellar mass for the star-forming subsamples of the breakBRD and high-sSFR parent samples. As a population, the breakBRD galaxies have much more centrallyconcentrated star formation. environments. In particular, only in optical colors do these galaxies largely fall into a transitional color region. In both UV -optical and WISE colors these galaxies appear to be in the star formation region.
This may appear puzzling, given that optical colors trace older star formation than UV -optical. However, as discussed in Salim (2014) , UV -optical is sensitive to lower sSFRs, so low current star formation could be driving the blue UV colors. The blue WISE colors are less of a mystery, as Alatalo et al. (2014) show that galaxies will transition in optical colors before WISE colors, and the blue WISE colors indicate the presence of ISM gas. We stress that these data do not demonstrate whether these galaxies are transitioning from starforming to quenched: in many parameters discussed in this paper, breakBRDs fall between high-and low-sSFR galaxies.
As we have discussed, the classic picture of mergerdriven galaxy growth is inside-out: older bulges surrounded by star-forming disks. In late-type galaxies, when we observe cessation of star-formation in the disk we might expect environmental effects to be at play. However, not only do breakBRDs have continued star formation in their centers, but their central sSFRs are higher than those of star-forming galaxies from the parent sample. There are several known scenarios in which central star formation is expected, and we discuss them now.
First, bars may induce central star formation (Friedli & Benz 1993; Martinet & Friedli 1997; Kormendy & Kennicutt 2004; Catalán-Torrecilla et al. 2017) . However, our sample has 30-40% bar fraction (categorizing optical images visually), which seems inadequate to explain the observations. However, it is possible that bars have been weakened or destroyed through processes that drive gas towards the center. This loss of angular momentum and inflow will create a high central mass concentration (CMC) and destroy the bar (Friedli & Benz 1993; Kormendy & Kennicutt 2004) . In the future we will examine the velocity dispersion in the breakBRD bulges to search for the imprint of a CMC (Athanassoula et al. 2005) .
Observations have found that low-mass galaxies may have central star formation (Gallart et al. 2008; Perez et al. 2013) , and this has been well-documented in simulations (Governato et al. 2010; El-Badry et al. 2016 ). BreakBRD galaxies appear to fall outside this paradigm and have a wide range of stellar masses, with most of the population having stellar masses above 10 10 M . We note that El-Badry et al. (2016) predict that episodes of strong central star formation will correspond with small effective radii. While in this work we examine the Petrosian radius, we find no clear correlation between sSFR and galaxy radius (even when we only consider the 20 galaxies with stellar masses less than 10 10 M ). Carefully studying nearby galaxies with higher masses that exhibit this centralized mode of star formation, i.e. breakBRDs, will allow us to examine the factors that specify the locations of star formation in galaxies.
Focusing on observations of more massive galaxies, many recent studies of S0s find that their last star formation episode was in the bulge, whether they reside in the field or clusters (Poggianti et al. 2001; Sil'Chenko 2006; Sil'chenko et al. 2012; Johnston et al. 2012 Johnston et al. , 2013 . However, this may not be universal, as Katkov et al. (2015) find that in isolated lenticular galaxies the ages of the bulge and disk are very similar. Fraser-McKelvie et al. (2018) find that for galaxies more massive than 10 10 M , bulges tend to be older than disks, while at lower masses the opposite is true. Most of these studies, that specifically selected S0s, find that both the bulge and disk ages are more than 1 Gyr, in contrast to the young ages indicated by the emission-line fiber SFRs. In the future we will test whether breakBRD galaxies are likely to be in their final star formation episode by searching for their remaining reservoir of gas. As we have shown in Section 4.1.4, ALFALFA data does not give us enough insight into whether our sample retains a significant reservoir of HI gas for future star formation.
One expectation for breakBRD galaxies would be that spiral galaxies with red disks were likely those that had experienced ram pressure stripping or another environmental effect that removed or disrupted the galaxy's gas reservoir. The lack of evidence for an environmental trend suggests either that this is not a primary effect or that several different effects result in similar morphological outcomes.
BreakBRD galaxies do not clearly fall into any wellstudied category for centrally-concentrated star formation. They are not all satellites, barred, low-mass, or clearly quenching. Luckily, our sample is small enough that we can study each galaxy in detail instead of requiring an overarching explanation. This work is being followed up with optical integral field spectroscopy to better understand the spatial distribution of any recent star formation and how that correlates with the global properties discussed here. The diversity of this sample raises the question of whether central growth within red disks is unusual or if it is a short-lived stage in the life of most galaxies. We are currently examining break-BRD analogs in IllustrisTNG to address this question (Kapferer et al., in prep) .
CONCLUSIONS
In this paper we have introduced breakBRD galaxies, a newly identified sample of galaxies that consists of local face on galaxies demonstrating central star formation using the D n 4000 within red (g − r > 0.655) disks. We use the BPT diagram to select only star-forming and composite galaxies. We have shown: 1) breakBRDs are distributed across a large range of stellar mass, indicating that mass-dependent processes that drive central star formation are not universally active ( Figure 3) .
2) Our sample galaxies are well-distributed across environments in a similar fashion to the parent sample (Figures 3 & 4) . This implies either a process that is not moderated by environmental factors, or several processes resulting in centralized star formation.
3) The NUV -r colors indicate that these galaxies have enough star formation to be in the star-forming sequence and not transitioning in this color space (Figure 9 ). 4) These galaxies reside in the optical green valley, with a significant tail in the blue star-forming region of the color-magnitude diagrams (Figure 10) . 5) Our sample galaxies have WISE IR colors that lie firmly in the star-forming galaxy region, with no galaxies in the IRTZ (Figures 12 & 13) . This may indicate that there is still ISM in these galaxies.
6) The ALFALFA data shows that some (16/67) of these galaxies have a gas reservoir available for future star formation (Figure 15 ). 7) Our selection of galaxies using D n 4000 and g − r broadband colors has found galaxies that are currently forming stars within the central fiber ( Figure 16 ). The star formation, measured using the emission lines, is more centrally concentrated in these galaxies than in the parent sample (Figures 17 & 18) .
We have separated our parent sample into galaxies with high-and low-sSFR. Although the current sSFR of breakBRD galaxies are within the high-sSFR peak distribution (Figure 8 ), we cannot currently determine whether these galaxies are quenching with their final star formation in the center, or whether we have selected galaxies that are currently preferentially growing their centers in stochastically-distributed star formation. As we discuss in Section 5, either of these possibilities is of great interest for understanding what determines the distribution of star formation in galaxies. Future pa-pers will explore the nature of the spatially resolved star formation as well as the star formation histories of the sample.
In summary, breakBRD galaxies do not seem to be quenching satellites. Indeed, this sample does not lend itself to a single unifying explanation. As shown in Figure 7 , our galaxies span a range of morphologies. Because our sample is ∼100 galaxies, in future work we will examine each galaxy in detail to determine what properties other than their star formation distribution are unique and may play a role in causing central star formation in red disk galaxies.
